Using the next-to-leading order low energy effective Hamiltonian, the CP asymmetries for the B c meson decays into meson pair are calculated in the spectator approximation. We do not conpute the hadronic matrix elements directly, instead, we use the amplitude ratios to estimate the CP asymmetries. So there are less uncertainties causd by the calculation of the hadronic matrix elements. The values of the momentum squared carried by the virtual particles in timelike penguin dirgrams are also carefully discussed. From our calculatied results, the best decay modes to observe CP violation in B c decay would be
I. Introduction
One of the main aims of B physics at present is the observation of CP violation. The B u , B d and B s meson decays and CP violation have been discussed extensively. The decays of B c meson (bc and bc bound states) seems to be another valuable window for probing the origin of CP violation. Since large number of B c mesons is expected to be producted at hadronic colliders like LHC or Tevatron [1] , to examine the features of the B c meson decays and CP violation becomes more and more intersting for both experimental efforts and theoretical studies.
Theoretical predictions about B c meson decays are made in many previous works with different models [2] . The calculation results are strongly model-dependent. It is difficult to judge these different results for lack of experimental data for the time being. There are also several works which pay attention to the CP violation in B c meson decays. In Ref. [3] the BSW mode and in Ref. [4] the Bethe-Salpeter formulism are used to calculate the CP violating asymmetries for two-body mesonic decays of the B c meson. There are also some uncertainties due to the model-dependence and different parameter values choice.
It is well known that there are only direct CP violation in B c meson decays which requires that two decay amplitudes must have both different weak phases and different strong phases.
The weak phases come from the CKM matrix. According to the new experimental results, the favorite value of the Wolfenstein parameter for the CKM matrix are changed, the main difference compared with the old one is the sign of the parameter ρ [5] . Obviously, the new Wolfenstein parameter will influence the weak phases and the calculation results of the CP violating asymmetry.If we ignore the soft strong phases which is difficult to estimate at present, the hard strong phases can be estimated perturbatively using the low effective Hamiltonian and is relevant to the loop-integral functions of the penguin diagrams. In general, the decay amplitudes and the CP violating asymmetry rely on the hadronic matrix elements which are strongly model-dependent, but in the spectator approximation (i.e. ignore the contributions of the annihilation and spacelike diagrams, which are believed to be form factor and color suppressed), the CP violating asymmetries can be obtained without calculation of the hadronic matrix elements for many decay processes of the B c meson. In this paper, unlike the previous works in the literature, we try to estimate the CP violating asymmetry of the B c decays into meson pair without calculating the hadronic matrix elements directly. In this method, part of the uncertainties caused by the direct computation of the hadronic matrix elements are avoided. Another uncertainty source is the unknown momentum squared carried by the virtual particles in penguin diagrams. In the literature, one used to pick up a special value of k 2 from [0 , m ] for all timelike penguin daigrams. Obviously, it is a rather rough approximation. We shall discuss this problem in our paper and try to avoid the drawback of taking arbitray values for k 2 based on the valence-quark assuption.
In this article, we use the next-to-leading order low energy effective Hamiltonian [6] to calculate the CP violating asymmetry for the B c decays into PP, PV and VV mesons in the spectator approximation (P-pseudoscalar meson, V-vector meson). In section.II, we first list the calculation formula for the CP violating asymmetry. The quark-diagram amplitudes using the next-to-leading order low energy effective Hamiltonian are given in section.III. In section.IV, we discuss the value of k 2 carried by the virtual particles for the timelike penguin dirgrams. The calculated results of the CP violating asymmetries for the B c decays into meson pair are given in section.V. Final section.VI is devoted to discussion and conclusion.
II. Formula of CP Asymmetry
For the B c meson decays to a final state f , we may, without loss of generality, write the decay transition amplitude as
where G 1 , G 2 both are multiplication of the CKM matrix elements. With the CPT invariance, the CP-conjugated amplitude is
With the help of (2.1) and(2.2), the CP violating asymmetry can be written as
, where θ 1 , θ 2 are the weak phases and δ 1 , δ 2 are the strong phases respectively, then we have
Obviosly, the decay transition amplitude must have both different weak phases (θ 1 = θ 2 )
coming from the CKM matrix and different strong phases (δ 1 = δ 2 ) coming from final state interactions (FSI), otherwise there are no CP violation. Introduce another angle ζ which is defined as
then the CP violating asymmetry formula becomes
We can see that the magnitude of the direct CP violation depends on three angles: weak phases (θ 1 -θ 2 ), strong phases (δ 1 -δ 2 ) and ζ.
(i)The weak phases (θ 1 -θ 2 ) is decided by the CKM matrix elements, sin(θ 1 -θ 2 )=
. According to the Wolfenstein representation of the CKM matrix [7] 
For the two-body mesonic B − c decays, with c quark as a spectator, we have
where the angle γ is just one of the angles of the unitarity triangle for the CKM matrix elements in Fig.1 . From (2.8) , we see that the weak phases (θ 1 − θ 2 ) is only decided by the Wolfenstein parameters (ρ , η).
(ii)The strong phases (δ 1 − δ 2 ) is caused by final state interactions, the penguin effects (hard strong phases) can be estimated perturbatively and the rescattering effects (soft strong phases) is unknow at present. In this paper we will ignore the rescattering effects and disscuss the penguin effects only.
(iii)The angle ζ relies on the ratio h = |
. Although the decay matrix elements T 1 and T 2 both can be estimated, but there are uncertainties since the calculation of the hadronic matrix elements is modle dependent. However, for many B c decay processes, the
is (in spectator approximation) independent of the hadronic matrix elements . In our formula of the CP violating asymmetry, it only needs to focus on calculating the ratio h and
) holds. In the case of h ≪ 1(or h ≫ 1), we
) ≪ 1, |A 1 | ≪1, so the CP violating asymmetry (2.6) can be simplified as
III. The Quark-Diagram Amplitudes
Following Ref. [6] , the next-to-leading order low energy effective Hamiltonian for |∆B|=1
is given at the renomalization scale µ ∼ m b as
where the Wilson coefficient functions C i (µ) (i = 1, 2, · · · , 10) are calculated in the renormalization group improved pertubation theory and include the leading and next-to-leading order QCD corrections. Q 1 and Q 2 are the tree diagram operators; Q 3 , · · · , Q 6 are the QCD penguin diagram operators; whereas Q 7 , · · · , Q 10 are the electroweak penguin diagram operators.
In (3.2), q" is runing over the quark flavors being active at the scale µ ∼ m b (q" ∈ u, d, s, c, b), e q" are the corresponding quark charges in unite of -e-, α and β are SU(3) c color indices,
In general, the nonleptonic B c decays can occur through both the spectator channels and nonspetator channels which are difficult to deal with at present and are commonly assumed to be form factor suppressed compared to the spectator ones.
In spectator approximation , the two-boty mesonic B − c decay can be described by quark diagrams as in Fig.2 . Using H ef f (3.1) and factorization approximation in a renormalizationscheme independent way [8] , the quark-diagram amplitudes of Fig.2 .(where the CKM matrix elements have been singled out) can be obtained
where T (a tree ) refer to the amplitude of the diagram a tree in Fig.2 . etc., A and B denotes the factorizaed hadronic matrix elements
In (3.3), ξ f arises from the transformation of (V-A)(V+A) currents into (S+P)(S-P) and
where
From (3.5) and (3.6), we can see that ξ f = 0 when X − is vector meson in a pen diagrams and when X 0 is vector meson in b pen diagrams. The reason is the following: using the Fierz retransformation for Q 5−8 , the calculation results of the decay amplitudes is proportional to the factor
) which is equal to zero (P µ and ǫ µ are momentum and polarization vector of the vector meson respectively). In (3.3), a k is defined
wherec k (k = 1, · · · , 10) are the renormolization scheme independent Wilson coefficients
, m t = 174GeV,c i is taken as [9] c 1 = −0.313c 2 = 1.150
and
where F q (k 2 ) denotes the penguin loop-integral function with momentum transfer squared
In the case of q = u, since r u ≪ 1, we have
+ iπ, the absorptive part of the G q (k 2 ) will lead to the possibility of direct CP violation. Fig.3 , using the 4-momentum conservation (c as spectator quark), we have
IV. Momentum Squared Carried by The Virtual Particles
In the rest frame of the X meson,
there are
then we obtain
Because q,q v form a bound state X, in the valence-quark assumption, there are p q =
; p X is the total 4-momentum of the bound state X and p is the relative 4-momentum of q vs.q v inside the X meson. In the rest frame of the X meson, it is easy to get 
3) by taking a = M X , accordingly we find that the average value of the k 2 is
Since ϕ is unknown in experiment, we take the average value of thek GeV and using the meson masses M X according to the particle data [12] , the valuesk Table. II.
V. CP Asymmetry
As discussed in section.II, the CP violation asymmetry of B c meson decays into mesons pair depends on the three angles: weak phases (θ 1 − θ 2 ), strong phases (δ 1 − δ 2 ) and ζ.
The weak phases (θ 1 − θ 2 ) is only decided by the Wlfenstein parameter (ρ , η), the strong phases (δ 1 − δ 2 ) and ζ both are decided by the quark-diagram amplitudes. For many decay processes, there is no need to calculate the hadronic matrix elements because in the spectator approximation, the factorized quark-diagram amplitudes are dependent upon only a single (dominant) hadronic matrix element (A or B) which is cancelled in the ratio
In below we discuss the decay process B − c →D 0 π − as an example of how to calculate the CP violating asymmetry in our method. In the spectator approximation, the decay
using the quark-diagram amplitude calculated in section.III, we get 
According to our CP asymmetry formula derived in section.II, we have
, where
. In this paper , we take λ = 0.220 , η = 0.336 , ρ = 0.160 (the value of the Wolfenstein parameter A has no effect on our calculation) [5] . For numerical estimate, the calculation results are 
Fortunately a 2 is colour suppressed compared with a 1 and Table. II.
VI. Conclusion and Discussion
Using the next-to-leading order low energy effective Hamiltonian and the quark-diagram amplitude method, we have calculated the CP violating asymmetries for two-body mesonic decays of the B c meson. For most decay processes (except for
), the CP violating asymmetries do not rely on the hadronic matrix elements since they are canceled in the ratio
, So there is no model-dependence caused by calculating the hadronic matrix elements in our results.
The CP violating asymmetry is proportional to A 0 = −sinζsin(θ 1 − θ 2 )sin(δ 1 − δ 2 ).
From Table. II, we see that sin(θ 1 − θ 2 ) is the same for all decay processes (except for a sign) which is only decided by the Wolfenstain parameters (ρ , η). In processes (1)- (15),
while in processes (16)- (30), sin(
which is doubly Cabibbo suppressed. In processes (1)- (6) and (17)- (20), T 1 is dominated by the tree diagram and T 2 only by the penguin diagram contribution, so
in processes (9)- (12) and (21)- (26), T 1 and T 2 both are from the penguin diagram contribution only, so |T 1 | ∼ |T 2 | ; while in processes (13)- (16) and (27)- (30), T 2 is dominated by the tree diagram and T 1 by the penguin diagram, so |T 2 | ≫ |T 1 |. Since the CP violating asymmetry is proportional to sinζ = 2h 1+h 2 , where h = Table. II, The CP violating asymmetry is suppressed strongly by the small sinζ in the processes
sinζ is large, such as in the processes
The hard strong phases (δ 1 − δ 2 ) is caused by the interference between penguin and tree diagrams or penguin diagram themselves, which rely on the penguin loop-integral functions G u (k 2 ) and G c (k 2 ). As discussed in section.IV, we take the average value of the momentum squaredk 2 carried by virtual particles for our calculation. In most processes (below the cc threshold)k Table. II, we can see that for the processes with interference of penguin diagram themselves only, such as the processes (9)- (12) and (21)- (26), |sin(δ 1 − δ 2 )| is smaller than that for the processes with interference between penguin and tree diagrams. So, if the decay processes both satisfy: (i) |G 1 T 1 | ∼ |G 2 T 2 | , (ii) with interference between penguin and tree diagrams, then the CP violating asymmetry will be large, such as the processes (5)- (8) and (17)-(20).
According to our CP violating asymmetry formula
, it can be seen that A cp is proportional to A 0 and the proportion factor is
, the CP violating asymmetry is more sensitive to the parameter η than the parameter ρ. In this paper, we have taken ρ = 0.160 [5] for numerical estimate, the main difference compare with the early literature is to change the sign of the parameter ρ. For the case of |A 1 | ≪ 1 , the influence of this change is very small, but in the case of |A 1 | ∼ 1 , it is important. In the processes (5)- (8), the CP violating asymmetry will be smaller than that with minus ρ; while in the processes (17)- (20), it will be larger than that with minus ρ.
In this paper , we do not discuss the decay width of the B c meson, since it needs to calculate the hadronic matrix elements which is strongly model-dependent. For testing the CP violation in experiment, we need to find processes with both larger CP violating asymmetry and larger branching ratio. For three standard deviation (3σ) signature ε f N ∼ Table. II, using the results of decay widths for the hadronic decay of the B − c calculated in Ref. [4] and taking τ Bc =0.5 ps [14] , we estimate the branching ratio B r and ε f N. This estimation show that in experiment the best decay modes to observe CP violation in B c decays would be Finally we should mention that, in this paper, we only calculated the hard strong phases, the effects of the soft strong phases would also be important, it needs further study. 
; while in processes (17)-(30), sin(θ 1 − θ 2 )=-0.903 , cos(θ 1 − θ 2 )=0.430 . Table.I No.
Final state f The quark-diagram amplitudes 
